
CS / ISyE 730 - Spring 2015 - Homework 6

(assigned 3/6/15, due in class 3/16/15)

1. The MFCQ conditions for the case in which both equality and inequal-
ity constraints are present are that:

• The vectors {∇ci(z) : i ∈ E} are linearly independent, where E
is the set of equality constraints;

• There is a vector t such that ∇ci(z)T t = 0 for all i ∈ E and
∇ci(z)T t > 0 for all i ∈ A ∩ I, where A is the set of active
constraints and I is the set of inequality constraints.

Show that the set of Lagrange multipliers that satisfy KKT conditions
is bounded when these conditions hold. Recall that, among other con-
ditions, the KKT conditions require existence of Lagrange multipliers
λi such that

∇f(z)−
∑
i∈A

λi∇ci(z),

where λi ≥ 0 for i ∈ A ∩ I.

2. Consider the following problem (called a “Mathematical Program with
Equilibrium Constraints” or MPEC):

min f(x) s.t. g(x) ≥ 0, h(x) ≥ 0, g(x)Th(x) = 0,

where g : Rn → Rm and h : Rn → Rm are smooth functions. Show
that LICQ is not satisfied at any feasible point for this problem.

3. Suppose that we have a nonlinear program with equality constraints:

min f(x) s.t. ci(x) = 0, i = 1, 2, . . . ,m.

Suppose that x∗ is a solution at which the LICQ condition is satisfied,
so that the KKT conditions hold at this point, with optimal Lagrange
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multipliers λ∗i , i = 1, 2, . . . ,m. Now consider the equivalent reformu-
lated problem in which each equality constraint is replaced by two
inequalities:

min f(x) s.t. ci(x) ≥ 0, −ci(x) ≥ 0, i = 1, 2, . . . ,m.

(a) Are the LICQ conditions satisfied at x∗, for the reformulated prob-
lem?

(b) Do the KKT conditions hold at x∗ for this reformulated problem?
If so, are the Lagrange multipliers unique?

(c) Do the MFCQ conditions hold for the reformulated problem?
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